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Unconventional Extraction of Gas and Oil – Quenching the US 
Thirst for Energy
Source: IHS Report  “America’s New Energy Future: The Unconventional Oil and Gas revolution 
and the US Economy.” 
http://www.energyxxi.org/sites/default/files/pdf/americas_new_energy_future-
unconventional_oil_and_gas.pdf (2012)
Hydraulic Fracturing – Water Consumption and Contamination
35,000 to 70,000 gallons 
of fracturing chemicals 
used per well 
Public Herald's Pennsylvania fracking water complaints by county. 





271 confirmed cases of water 




Testing for contamination from 



























EEM Waterfall Plot and 



















# on Figure 1 Sample Name Sample Type Date Collected API# County
1 Bilyeu #6 Produced Water 10/3/2013 120210116400 Christian
2 Tieman #6 Produced Water 8/21/2014 121892366800 Washington
3 Surface Water #1 Surface Water 8/21/214 NA Washington
4 Surface Water #2 Surface Water 10/15/2015 NA Marion
5 Assumption Well #11 Groundwater 9/24/2014 NA Christian
6 Moweaqua Well #19 Groundwater 9/24/2014 NA Christian
7 Bouyouces #1 Produced Water 10/15/2014 121212696000 Marion
8 Quarant #15 Produced Water 10/15/2014 121212696501 Marion
9 Quaranta # 6 Fracturing Water 10/15/2014 121212696100 Marion
10 Well #14 Groundwater 10/21/2014 NA McLean
11 Well #15 Groundwater 10/21/2014 NA McLean
12 Well #17 Groundwater 10/21/2014 NA McLean
13 Stinson #10 Produced Water 6/5/2015 121930705801 White
14 Rinnert-Bangert Produced Water 7/21/2015 120252910100 Clay
API# - American Petroleum Institute Number
NA - Not Applicable
Characterization (Produced Waters)
Maguire-Boyle, S. J. and A. R. Barron. 2014. Organic Compounds in 
Produced Waters from Shale Gas Wells. Environmental Science: 
Processes & Impacts 16(10): 2237-2248
• pH and conductivity
• Elemental analysis (carbon, nitrogen, and sulfur)
• Major cations and anions
• Trace metals
Characterization (Fresh Waters)
• pH and conductivity
• Carbon analysis
• Major cations and anions
• Trace metals
Reference for shale gas waters
PAH Analysis (Produced Waters)
PAH Results Obtained for Produced Water Samples
Bilyeu #6 Tieman #13 Bouyouces #1 Quarant #15 Quaranta # 6 Stinson #10 Rinnert-Bangert
Naphthalene 0.012 0.00015 0.00049 0.00085 0.0049 < 0.0001 0.0048
Acenaphthylene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Acenapththene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Fluorene 0.0062 0.00033 0.00018 0.00019 0.00015 < 0.0001 < 0.0001
Phenanthrene 0.018 0.00052 0.00023 0.00022 0.00015 < 0.0001 < 0.0001
Anthracene < 0.0005 < 0.0001 0.00020 0.00019 < 0.0001 < 0.0001 < 0.0001
Fluoranthene 0.0038 < 0.0001 < 0.0001 0.00021 < 0.0001 < 0.0001 < 0.0001
Pyrene 0.0030 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Benzene (a) Anthracene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Chrysene 0.015 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Benzo (b) Fluoranthrene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Benzo (k) Fluoranthere < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Benzo (a) pyrene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Indeno (1,2,3,c,d) pyrene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Dibenzo (a,h) anthracene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Benzo (g,h,i) perylene < 0.0005 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Concentrations of dissolved organic carbon (DOC) and inorganic carbon (DIC)
○ produced water/fracturing water
□ fresh water
+ brines from areas with extensive fracking operations (Maguire-Boyle and Barron, 2014)
Concentrations of sodium, potassium and rubidium
seawater














* - Reference Values: Maguire-Boyle, S. J. and A. R. Barron. 2014. Organic 
Compounds in Produced Waters from Shale Gas Wells. Environmental 
Science: Processes & Impacts 16(10): 2237-2248
Seawater = 50 mS/cm
Fresh Water = 0.1-1.0 mS/cm









Post processing of EEM data
Fluorescence EEMs of groundwater samples
Insert Table A: Total organic carbon (TOC)






McLean  Well#17 4.9
Fluorescence EEMs of surface water samples
Fluorescence EEMs of produced water samples
Fluorescence EEMs of fracturing water and 
produced water samples
Fluorescence EEMs and absorption spectra of 
anticorrosion agent
Fracturing biocides
Compound CAS # Abbreviation
Glutaraldehyde 111-30-8 GA
2,2-Dibromo-2-cyanoacetamide 10222-01-2 DBCA
Tetrakis(hydroxymethyl)phosphonium sulfate 55566-30-8 THPS
Didecyldimethylammonium chloride 7173-51-5 DDAC





Peracetic acid 79-21-0 PAA
N-Bromosuccinimide 128-08-5 NBS
Fluorescence EEMs of four common 
fracturing biocides
Fluorescence Ratios
Regions of interest for various fluorescence 
indices on the EEM of well 14.
Fluorescence index (FI)
FI = 1.4, Terrestrial Source
FI = 1.9, in-situ (algae and bacteria)
Lower FI, increase in aromaticity
Biological index (BIx)
HIx <5, fresh DOM
HIx = 10-30, aged DOM
Humification index (HIx) 
BIx = 0.8 to 1.0 biologically 
produced DOM
BIx < 0.6, recalcitrant DOM
Fluorescence indices (FI) of water samples 















Groundwater Surface Water Produced Water Quaranta
Biological indices (BIx) of water samples 
collected for this study
Humification indices (HIx) of water samples 
collected for this study

Absorbance spectra of water samples collected 
for this study
Specific UV absorbance (SUVA254)
Spectral slope ratios of water samples collected 
for this study
Fluorescence indices, SUVA254, and spectral 



















Mixtures of Produced Water and Fresh Water: 
Can We Detect Contamination by Fluorescence?



































































Quaranta #6 Frack Water
=

































0.1% Quaranta #6 Frack Water
Spike
99.9 % 0.1 %
Estimating the minimum detectable 
contamination level for Moweaqua groundwater 
and Bilyeu #6 produced water.










(nm) Assumption Moweaqua Surface Water 1
Bilyeu
241 347 1.2% 1.9% 3.0%
283 338 1.0% 0.4% 1.6%
268 379 3.5% 2.2% 2.9%
Bouyouces
241 352 7.0% 11.2% 18.3%
268 293 4.0% 2.3% 5.8%
292 343 2.4% 5.1% 11.0%
Quarant
241 343 7.5% 12.1% 19.7%
268 288 5.2% 3.3% 4.3%
274 325 1.4% 1.5% 3.6%
Quaranta
241 343 4.6% 7.3% 12.0%
271 297 1.0% 0.6% 1.1%
298 444 0.9% 1.4% 2.5%
Rinnert-
Bangert
241 355 9.3% 14.9% 24.3%
280 330 4.4% 5.2% 12.1%
289 376 6.9% 7.1% 22.6%
Stinson
241 351 3.5% 5.6% 9.1%
268 299 7.2% 4.5% 5.9%
286 351 3.3% 3.4% 8.0%
Tieman
241 361 7.6% 12.3% 20.0%
274 325 2.7% 2.9% 7.0%
271 302 10.1% 6.2% 9.6%















241 347 53.9% 22.9% 27.4% 12.6%
283 338 32.0% 14.6% 16.5% 4.7%
268 379 19.2% 9.9% 8.9% 31.7%
Bouyouces
241 352 --a -- -- 76.1%
268 293 39.7% 19.5% 17.1% 51.7%
292 343 -- 90.5% -- 41.2%
Quarant
241 343 -- -- -- 81.9%
268 288 29.1% 17.2% 13.4% 48.0%
274 325 42.4% 16.3% 20.6% 27.1%
Quaranta
241 343 -- 90.5% -- 49.8%
271 297 7.8% 4.4% 3.4% 11.6%
298 444 58.4% 20.3% 20.6% 7.7%
Rinnert-
Bangert
241 355 -- -- -- --
280 330 -- 71.6% 68.5% 79.2%
289 376 -- -- -- --
Stinson
241 351 -- -- 82.0% 37.7%
268 299 39.8% 20.5% 18.3% 65.4%
286 351 -- 79.4% 83.0% 15.2%
Tieman
241 361 -- -- -- 83.2%
274 325 83.4% 37.0% 39.3% 53.4%
271 302 64.2% 36.3% 28.3% 96.8%
Note: a – indicates contamination is undetectable at any level.
Influence of Integration Time on Fluorescence 
Intensity: Can We Lower the Detection Limit for 
Contamination?
Signal to Noise (S/N) = kt1/2
Increasing the integration time from 1 second to 2 seconds
(11/2 = 1 versus 21/2≈1.414)
theoretically by approximately 41% 
Increasing the integration time comes at the price of 
increasing the time for analysis
Contamination detection limits for Stinson 
produced water in Moweaqua




(nm) (nm) Integration time, s Well #14 Moweaqua
Stinson
241 351 0.1 47.4% 8.2%
268 299 0.1 32.5% 6.9%
286 351 0.1 38.9% 3.6%
Stinson
241 351 1.0 39.5% 2.1%
268 299 1.0 20.1% 0.7%
286 351 1.0 40.9% 1.4%
Stinson
241 351 2.0 40.4% 1.3%
268 299 2.0 21.4% 0.8%
286 351 2.0 40.9% 0.8%
Stinson
241 351 5.0 39.9% 3.0%
268 299 5.0 23.6% 0.8%
286 351 5.0 41.2% 1.9%
Can Decomposition Modeling Resolve Fluorescence 
Responses from Produced Waters from Fluorescence 
Responses from Natural Organic Matter Present in 
Fresh Waters?
PARAFAC - Parallel factor analysis  
PARAFAC(6) of Multiple Aqualog Files - 94.356% explained
Split-half Validation of the Model
3 Components Modeled by PARAFAC.
Quaranta #6 - Component 2 Loadings
Quaranta #6 - Component 3 Loadings
Bilyeu #6 - Component 3 Loadings
Mixtures of Chemical Additives for Oil/Gas 
Extraction and Groundwater/Surface Water: 
Can We Detect Contamination of Additives by 
Fluorescence?
Minimum Detectable Dilution/Concentration




mg/L Dilution MDCL, mg/L Dilution MDCL, mg/L
247 306 5.6% N/A 1.4% N/A 10% N/A
Biocide DBCA 273 307 58.5% 585 1.16% 12 45.8% 458
Biocide DDAC 267 290 --a -- 15.8% 158 -- --
Biocide DMOL 328 399 -- -- 7.25% 72 -- --
Biocide TBPC 246 303 -- -- 29.5% 295 -- --
Note: a – indicates contamination is undetectable at any level.
MDCL - Minimum Detectable Concentration Level
N/A - Not Applicable
Summary
• One fracturing water, six produced waters, five groundwaters, and two 
surface water samples were collected and utilized to demonstrate the ability 
of fluorescence spectroscopy to detect contamination from oil extraction 
operations.  
• The fracturing water and produced waters used in this study were chemically 
much different than those from shale gas extraction. Most notably they were 
lower in dissolved organic carbon and much higher in salt content.
• Fluorescence EEM was successfully demonstrated as a screening tool to 
determine contamination from oil extraction, however the limit of detection 
can be elevated by background fluorescence and natural organic matter. 
• Note the samples used in this study were the most conservative with regards 
to TOC and salt content to what has been reported in the literature. 
Therefore, we would expect the technique to response better to shale gas 
waters.
Summary
• Optimization of the integration time during analysis was able to lower the 
detection limit at best a factor of ten, however this was only effective for low 
TOC samples.
• PARAFAC was able to resolve signals from the fracturing water and a 
produced water (Bilyeu) from background fluorescence in fresh waters. 
However it only worked for the two oil extraction waters that had the most 
intense response to fluorescence. 
• Detection of an anticorrosion agent and four common fracturing biocides was 
achieved at relatively low concentrations in low TOC groundwaters, however 
the detection of these additives was also hindered by background 
fluorescence and high TOC.   
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Other applications – evaluation of 










































































Other applications – evaluation of 

































































Other applications – detection of 
insensitive munitions in groundwaters
Other applications – evaluation of 
technologies to treat PPCP’s in waters 






































































Ibuprofen Concentration Versus Treatment 
Duration
Other applications – evaluation of carbon 
capture solvents
Please let us know if you have a 
potential application.
Thanks for listening!
Any Questions?
